We discuss the recent data on the electric proton form factor, obtained at JLab, which definitely show a spectacular deviation from the commonly assumed dipole behavior. We discuss the implication of these results on the deuteron structure and on the neutron electric form factor: at relatively large Q 2 a revision of the deuteron models may be required, and the neutron electric form factor might become even larger than the proton electric form factor.
Introduction
The complex structure of hadrons can be described in a convenient way in terms of form factors. In a parity conserving and time invariant theory, each particle of spin S can be described in terms of 2S+1 elastic electromagnetic form factors, which are real functions in the space-like region and complex functions in the time-like region of momentum transfer square.
The (elastic or inelastic) electron-hadron scattering is the traditional way to determine the form factors, and it allows a direct comparison with the theory [1] . The precise measurement of these form factors requires polarization experiments (except for spin zero particles, like pions or kaons). Recent measurements at the Jefferson Laboratory essentially improved the experimental data concerning the elastic form factors of protons and deuterons up to relatively large values of momentum transfer [2, 3, 4] . The study of the internal structure of light hadrons is typically one of the main investigations which can be carried on with a high intensity, high duty cycle electron machine as Jefferson Laboratory (JLab) . A large program is under way to measure the form factors of the neutron and of the first nucleon resonances [5, 6, 7] . Information on the internal structure of the nucleon is also provided by the annihilation channels as e + + e − ↔ p + p [8] .
Results
The recoil polarization method has been successfully used to measure the ratio G Ep /G M p in Hall A at JLab, in two steps: firstly a measurement up to Q 2 =3.5 GeV 2 [2] and, later, up to Q 2 =5.6 GeV 2 [15] . In both experiments the focal plane polarimeter (FPP) was installed in the focal plane of the 4 GeV/c high resolution magnetic spectrometer (HRS).
Two changes were made to allow continuation to larger Q 2 : first the 50 cm of carbon analyzer was replaced with 100 cm of CH2, to take advantage of the larger analyzing power of the hydrogen. Second, the electron was detected in lead-glass Cerenkov detector array with 3.5 m 2 frontal area, replacing the second HRS previously used. This technique allows for matching the solid angle of the hadron to the one of the electron increasing the counting rate by a factor up to six.
These experiments showed that the ratio of the two elastic form factors of the proton, electric and magnetic, G Ep /G M p , decreases monotically with increasing four momentum squared ( Fig. 1) .
The magnetic form factor of the proton, G M p , is known to remain within a few percent of µ p G D , over this range of Q 2 , where G D is the dipole form factor:
. It follows that G Ep decreases significantly faster than G D and G M p in the measured interval. In the Breit system, form factors are related to the Fourier transform of the charge and magnetic moment distribution and the dipole approximation results from an exponential distribution. The new results indicate that the electric charge distribution in the proton extends to larger distances than the magnetization distribution.
The vector dominance model predicts a decrease of the G Ep /G M p ratio with increasing Q 2 , and the same prediction comes from various relativistic constituent quark models, but these models depend on a large number of parameters, which are not constrained by other experimental data at this time. At a few GeV incident beam energy, one expects to 'see' the manifestation of quark degrees of freedom. Perturbative QCD gives definite rules about the scaling behavior of the form factors and about helicity conservation, at very large Q 2 . Other approaches, as lattice QCD calculations are still in a very early stage and formalisms based on generalized parton distributions lack predictive power.
We can fairly summarize the situation stating that there is not yet a coherent picture [15] and [16] of the nucleon structure, in framework of any of these models. Moreover one aims to a global interpretation of form factors data, for proton and for neutron, in space-like and in time-like region, as well.
On the other hand, as we will show in next sections, one can already foresee major consequences of these data. The models describing the light nuclei structure usually assume a dipole behavior for G Ep and a vanishing or negligible neutron electric form factor G En . Elastic electron-deuteron scattering is sensitive to the isoscalar form factor,
If G Ep turns out to be smaller than previously assumed, this has to be compensated either by G En or by other ingredients used in deuteron calculations (which are parametrized or adjusted on the data).
The same technique is proposed to measure the G Ep /G M p ratio to Q 2 = 9.0 GeV 2 in
Hall C at JLab [16] . The future experiment will take advantage of the higher momentum capability of the spectrometer (HMS) of Hall C. A new polarimeter will be built, and a new calorimeter with finer granularity will be assembled for this purpose. The experiment will extend the data up to Q 2 ≃ 9 GeV 2 , with the current JLab maximum electron energy of 6 GeV. With the same set up in Hall C an extension up to at least Q 2 ≃ 11.5 GeV 2 will become possible after the proposed upgrade of the accelerator to 12 GeV.
Opportunities for the Nuclotron
Polarization experiments are, in general, very lengthy and time consuming. Therefore a thorough optimization of the characteristics of the polarimeter is desired. This requires a careful study of the analyzing reaction, which has to have large cross section and large analyzing powers. The crucial feature of the polarimeter is its figure of merit F , defined
y , where ǫ is the useful fraction of events scattered in the analyzer, and A 2 y is the analyzing power squared. Adding hydrogen to the analyzer increases the analyzing power. The knowledge of A y to large momenta is highly desirable for preparing the future experiment. A calibration at different momenta, ranging from 3.7 to 5.4 GeV/c has been performed at the JINR-LHE accelerator complex, after installing the POMME polarimeter, transported from Saclay [17] . Starting from a polarized deuteron beam of 9 GeV/c incident on a primary target (C or LH 2 ), one can magnetically select the breakup protons with definite momentum; their polarization is known from previous breakup studies at Saclay and Dubna [18, 19] . The Nuclotron can play a major role in the optimization of the characteristics of the polarimeter, like efficiency and figure of merit.
The deuteron electromagnetic form factors
The measurement of the differential cross section of elastic ed−scattering, for a fixed value of Q 2 , at different scattering angles, allows to determine the structure functions A(Q 2 ) and B(Q 2 ):
Being the deuteron a spin 1 particle, A and B can be expressed in terms of the three form factors, G c (electric), G m (magnetic) and G q (quadrupole) as:
where M d is the deuteron mass. The measurement of the differential cross section is not sufficient to disentangle the three form factors. In case of unpolarized beam and target, the outgoing deuteron is tensorially polarized and the components of the tensor polarization give useful combinations of form factors, in particular t 20 :
At the Jefferson Laboratory (JLab), the elastic ed− cross section has been recently precisely measured up to Q 2 ≃ 6 GeV 2 , [3] and t 20 up to Q 2 = 1.9 GeV 2 [4] .
According to [3] , the cross sections seems to scale as (Q 2 ) −10 , as previously pointed out [14] , and predicted by pQCD. The authors of [3] suggest that the data about the structure function A(Q 2 ) in ed elastic scattering, in the range 2 ≤ Q 2 ≤ 6 GeV 2 are a good indication of the validity of the predictions of pQCD. However, from the t 20 data, it appears that the pQCD limit is not yet reached, and the data follow the trend suggested by impulse approximation (IA). On the other hand, it is not possible, from these data, to constrain definitely different models or determine unambiguosly the corrections to IA (for a detailed comparison with some theoretical models, see, for example, [3, 4] ). Following [20] , one can define a generalized deuteron form factor,
, and a reduced deuteron form factor f D (Q 2 ):
where F N is the nucleon electromagnetic form factor. The (Q 2 )-behavior of f D (Q 2 ) (at large Q 2 ) can be predicted in the framework of pQCD, according to:
where N is the normalization factor (which can not be calcuated by QCD), α s is the running QCD strong interaction coupling constant, Λ is the scale QCD parameter, and Γ is determined by the leading anomalous dimension, here Γ = −8/145. In [3] it was shown that the QCD prediction (8) , which applies to asymptotic momentum transfer, is working well already for Q 2 ≥ 2 GeV 2 , with a plausible value of the parameter Λ ≃ 100 MeV.
In ref. [20] , the value of the nucleon form factor F N has been parametrized in dipole form:
and it was not rigorously identified as magnetic or electric, proton or neutron.
From quark counting rules considerations, the dipole form of the nucleon form factors has been taken until recently as universal, consistent with the experimental data for three of the four nucleon form factors, G M n , G M p , and G Ep . The fourth, G En , was assumed negligible in the discussed region of Q 2 .
Before the JLab measurement [2] , the experimental data about eN-scattering, based on Rosenbluth separation [14] were consistent with this representation. The data from [2] can be fitted by:
where the second factor explicitely shows the deviation from the dipole form. The data can still be described by a dipole form, but changing the well known mass parameter In Fig. (2) we show different data sets and best fits, using Eq. (8), corresponding to the following possibilities:
1. We replace, in Eq. (7), F N by the fit (10) of new data on the proton electric form factor, G Ep :
. This yields to the data set represented by triangles and to the fit reported as a dashed line (case 1).
2. We replace, in Eq. (7), F 2 N by the product of F N , Eq. (9), and G Ep from (10):
The f D data are shown as squares and the best fit by dotted line (case 2).
3. We show, for comparison, the previous results of Ref. [3] , using Eq. (9). The data are represented by circles and the fit by the solid line (case 3). Solid symbols are from [3] , open symbols from [14] .
In all these three cases, instead of normalizing the model to the data at Q 2 = 4 GeV 2 , as in Ref. [3] , we have fitted the data beyond Q 2 = 2 GeV 2 , according to Eq. (8), with two free parameters, a global normalization N and Λ. We found that even a relatively small change in nucleon form factors, causes a large instability in the value of Λ. Note that f D has logarythmic (i.e; relatively weak) dependence on Λ (Eq. (8)). For case 3, we obtain a different value compared to Ref. [3] , due to the different normalization procedure.
The best fit parameters are reported in In [20] another interesting prediction, concerning the scaling behavior of the reduced deuteron form factor was done:
where m 2 0 = 0.28 GeV 2 is a parameter related to the pion form factor. The same data from [3] , if plotted in the representation of the reduced deuteron form factors, should illustrate the Q 2 -independence of this product. This result is consisten by the previous A(Q 2 ) data [14] , in the limit of their accuracy, but not with the new data about A(Q 2 )
[3] (Fig. (3) ). This is also true for the different choices of the electromagnetic nucleon form factors considered above. This result is quite insensitive to different values of the m 0 parameter.
One should also take into account the fact that the elastic ed-scattering is sensitive to the isoscalar combination of the nucleon form factors. So a linear combination of proton and neutron form factors seems more adequate for the parametrization of F N . In the case of dipole parametrization of nuclear electromagnetic form factors, an isoscalar We discussed above the sensitivity of the reduced deuteron form factor to different choices of nucleon form factors. However, the numerator of Eq. (7) Having high precision data on the differential cross section for ed− elastic scattering, and assuming a reliable model for their description, one can extract, in principle, the dependence of the electric neutron form factor G En on the momentum transfer Q 2 . Such a procedure has been carried out in ref. [21] , up to Q 2 =0.7 GeV 2 . It can be extended at higher Q 2 [22] using the elastic ed-scattering data mentioned above and the recent data on the proton electric form factor [2] . The large sensitivity to the nucleon form factors of the models which describe the light nuclei structure, particularly the deuteron, was already carefully studied in [23] , and it was pointed out that the disagreement between the relativistic impulse approximation and the data could be significantly reduced if G En were different from zero.
In the non relativistic IA, the deuteron form factors depend only on the deuteron wave function and on nucleon form factors:
where G Es =G Ep +G En and G M s =G M p +G M n are the charge and magnetic isoscalar nucleon form factors, respectively. The terms C E , C Q , C S , and C L describe the deuteron structure and can be calculated from the deuteron S and D wave functions, u(r) and w(r) [24] :
where j 0 (x) and j 2 (x) are the spherical Bessel functions. The normalization condition is
With the help of expressions (12) and (13), the formula (6) for A(Q 2 ), can be inverted into a quadratic equation for G Es . Then G Es can be calculated using the experimental values for A(Q 2 ), assuming, for the magnetic nucleon form factors G M p and G M n the usual dipole dependence, which is in fair agreement with the existing data up to Q 2 ≃ 10 GeV 2 .
In Fig. 4 we illustrate the behavior of the different nucleon electric form factors: G Es , G Ep and G En . The solid line represents the Gari-Krümpelmann parametrization [25] . The new G Ep data, which decrease faster than the dipole function, are also well reproduced by the Gari-Krümpelmann parametrization (solid line). The fit of Eq. 10 is shown as a dashed line, and it is almost indistinguishable from [25] . The electric neutron form factor is calculated from the isoscalar nucleon form factor, taking for G Ep the fit, Eq. (10), based on the new data (open stars). The results for G En are in very good agreement with the parametrization [25] . These results show that the neutron form factor becomes more sizeable than predicted by other parametrizations, often used in the calculations [21, 27] (thin dashed line). Starting from Q 2 ≃ 2 (GeV/c) 2 the form factor G En becomes even larger than G Ep . Let us mention that the more recent 'direct' measurements [6, 28] are in agreement with the present values.
Conclusions
We reviewed the situation with proton, neutron and deuteron electromagnetic form factors, in the space-like region, at the light of the new data from JLab. The precise data on proton electric form factors essentially deviate from the dipole approximation. This approximation, previously assumed, was in agreement, on one side with a representation of the nucleon as having an exponetial density distribution, and on the other side, with pQCD prediction. From a theoretical point of view, now the situation is certainly more complex and not yet clarified.
This new data bring a new view on the commonly assumed description of deuteron form factors. Let us mention that the γ * π ± ρ ∓ -contribution, which is a good approximation for the isoscalar transition γ * → π + π − π 0 (γ * is a virtual photon), is typically considered as the main correction to IA, necessary, in particular, to improve the description of the SF A(Q 2 ) [29] . However the relative role of MEC is strongly model dependent [30] as the coupling constants for meson-NN-vertexes are not well known and arbitrary form factors are often added [31, 32] . It should be pointed out that the γ * πρ vertex is of magnetic Figure 4 : Top: nucleon electric form factors as functions of the momentum transfer Q 2 . in the framework of IA with Paris potential. Isoscalar electric form factors are derived from the deuteron elastic scattering data: [21] (solid triangles), [3] (solid circles), [26] (solid squares), and [29] (solid reversed triangles). The electric proton form factors from [2] are shown as open diamonds. The electric neutron form factors, are shown as open symbols. The parametrization [25] is drawn for all three form factors as a solid line. The dasheddotted line is the parametrization for G Ep from Eq. (10) and it is hardly distinguishable from [25] . Bottom: neutron electric form factors, in the low Q 2 region, compared to 'direct' measurements (solid simbols) [6, 28] . The dashed line is the parametrization [21] . nature and its contribution to A(Q 2 ) has to be of the same order of magnitude as the relativistic corrections. The electric neutron form factor may be essentially larger than what is commonly assumed, and even larger than the proton form factor, for Q 2 ≥ 2 GeV 2 .
The forthcoming data on neutron form factors up to Q 2 =2 (GeV/c) 2 , [7] will be crucial in this respect. The large sensitivity of the deuteron structure to the nucleon form factors
shows the necessity to reconsider the role of meson exchange currents and relativistic corrections in the deuteron physics at large momentum transfer.
A good description of the deuteron will have to take into account in a coherent way, not only wave functions and corrections to IA, but also nucleon from factors.
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